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[bookmark: _Toc116995841]Introduction
A good number of agreements on multi-Rx TCI state switching requirements were reached during the RAN4#107 meeting regarding all TCI state switching types as well as the known condition. In this contribution we discuss the remaining details of multi-Rx TCI state switching.
DCI based TCI state switching
In RAN4#107 meeting, the following FFS points were captured regarding DCI based TCI state switch:
	Issue 2-2-1: Single DCI based TCI state switch 
FFS: 
· Option 1: Reuse Re-16 requirements for s-DCI based PDSCH TCI state switch. 
· Option 2: Re-16 delay requirements + additional [250]µs delay for s-DCI based PDSCH dual TCI state switch.
Issue 2-2-2: Multi DCI based TCI state switch 
Issue 2-2-2-1: Two TCI state switching are independent provided the DCI for TCI switch is received 
FFS:
· Option 1: No constraint is needed on the reception of TCI switch command
· Option 2: When TCI switch commands are received in the same slot
· Option 3: When TCI switch commands are received at least timeDurationForQCL apart.
· Option 3a: For mDCI, for DCI based TCI state switching for simultaneous PDSCH reception, legacy TCI switching requirements can apply independently, provided that the time offset between the reception of the latter DCI among DCIs with different corsetPoolIndex scheduling simultaneous PDSCH reception to the earlier PDSCH shall be larger than timeDurationForQCL.
Issue 2-2-2-2: Two TCI state switching are independent, and their delay requirement is 
FFS: 
· Option 1: Reuse Re-16 requirements for s-DCI based PDSCH TCI state switch. 
· Option 2: Re-16 delay requirements + additional [250]µs delay for s-DCI based PDSCH dual TCI state switch.





Single-DCI
In DCI based TCI state switch, the RAN1 specifications indicate that the UE shall be ready to receive the PDSCH with the TCI state indicated by the DCI when the time offset between the reception of the downlink DCI and the corresponding PDSCH is greater than or equal to timedurationforQCL. In s-DCI scenario, the UE is indicated a TCI state pair in the DCI command.
The timedurationforQCL parameter is a UE capability and it is defined in the RAN1 specification (38.214) and the values are defined in RAN2 specificatin (38.331). The requirements in 38.214 do not distinguish between the number of TCI states that are indicated by the DCI (one or two) i.e. the delay is the same regardless of the number of TCI states that are indicated. Hence, legacy delay may be used for s-DCI and additional delay as proposed by some companies in the previous RAN4 meetings is not needed. Furthermore, if such additional delay would be introduced, this should be addressed in RAN1 and RAN2, and not defined by RAN4 in TS 38.133.
1. [bookmark: _Toc133324105][bookmark: _Toc142658987]For single-DCI scenario, RAN4 to reuse Rel-16 requirements for the case of DCI based TCI switching for PDSCH.
[bookmark: _Toc142658988]DCI based TCI state switch delays are based on the timedurationforQCL parameter which is a UE capability. Any additional delay for DCI based TCI state switch to dual TCI states would require change in the timedurationforQCL which should be addressed in RAN1 and RAN2. 

Multi-DCI
In multi-DCI scenario, network indicates TCI states from two separate active TCI state lists with separate DCI for each TRP. Hence, each DCI indication is similar to the legacy single Rx scenario.
There are two issues open in case of m-DCI TCI state switching delay requirements:
1> Delay requirements for two independent TCI states.

In case of multi-DCI based TCI state switching, the UE is expected to receive DCI commands for each PDSCH independently. According to the RAN1 specification, the delay timeDurationForQCL applies independent of whether the DCIs from two TRPs are received simultaneously or non-simultaneously in the multi-DCI scenario. Hence, legacy requirements apply per TRP.
1. [bookmark: _Toc133324109][bookmark: _Toc142658989]For multi-DCI scenario, DCI based TCI state switch is per TRP. Hence legacy requirement can be reused and applied per TRP.

2> When can two TCI states be considered independent?

In case of m-DCI, since the UE will be receiving a DCI per TRP indicating the TCI state, it is very unlikely that these two DCIs are received at the UE at the exact same moment as shown in Figure 1
[image: ]
[bookmark: _Ref142040101]Figure 1:Simultaneous DCI reception 
It is more likely, that the DCIs from the respective TRPs will arrive at different instances of time (Figure 2)

[image: ]
[bookmark: _Ref142040114]Figure 2: DCI reception at different instances of time

With reference to Figure 2, the UE will be using TCI#0 and TCI#1 states initially. At time t0, it receives DCI indicating TCI#2 and at t1 it receives DCI indicating TCI#3. TCI# 2 is active at t2 while TCI#3 will be active at t3.
Between time t2 and t3, the UE will have a beam pair comprising of TCI#2 and TCI#1 which may or may not be suitable for simultaneous reception. During this time, we propose that if the beam pair in use cannot be received by the UE simultaneously, then the UE will receive data in a TDM manner until TCI#3 becomes active. The UE behavior will be as illustrated in Figure 3

[image: ]

[bookmark: _Ref142508588]Figure 3: UE receiving data in a TDM manner

This (UE receiving in a TDM manner) can be applicable in other scenarios as well where the network has indicated two TCI states which cannot be received simultaneously. 
[bookmark: _Toc142658990]In a m-DCI scenario, for DCI based TCI state switching, when UE is indicated a TCI via DCI per TRP, delay requirements can be applied independently per DCI and in case the UE cannot receive simultaneously in the time interval between the first TCI switch and the second TCI state switch, UE is expected to receive in a TDM manner during this interval.
[bookmark: _Toc142658991]In mDCI scenario, TCI switching with one CORESETpoolindex does not cause interruptions on TCI states with another CORESETpoolindex. 

MAC-CE based TCI state switching
In RAN4#107 meeting, the following agreements were reached regarding MAC-CE based TCI state switch:
	Sub-topic 2-3: MAC CE based TCI state switch
Issue 2-3-1: Single DCI (sDCI)
Issue 2-3-1-1: sDCI non-SFN without PDCCH repetition
Agreements:
For MAC-CE based PDCCH TCI state switch for s-DCI scenario, legacy TCI state switching requirements apply for MAC-CE based PDCCH TCI indication method for PDCCH. 
    
Issue 2-3-1-2: sDCI PDCCH repetition
Agreements:
For MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition, the requirement is defined with the delay in current requirement [+ [250]us additional delay].
 
Issue 2-3-2: Multi-DCI (mDCI) non-SFN
Agreements:
For MAC-CE based PDCCH TCI state switch for m-DCI scenario, reusing legacy requirements for MAC-CE based PDCCH TCI state switch and it applies per TRP
· FFS if the two PDSCHs carrying the two MAC-CEs are in the same slot. If the two PDSCHs carrying the two MAC-CEs are in the same slot, consider [250]us additional delay.




[bookmark: _Toc142658992]It was already agreed to reuse the legacy requirements for the single-DCI scenario in the previous RAN4 meeting. 
In the following we discuss PDCCH repetition and m-DCI scenarios.
Single-DCI PDCCH repetition
In single-DCI scenario PDCCH repetition scenario, since the UE receives two MAC-CEs indicating the TCI state for each PDCCH , the legacy requirements for MAC-CE based TCI state switch for PDCCH apply. It has been proposed to add an additional delay of 250µs for the s-DCI PDCCH repetition scenario. However, we do not see the justification to add this delay since the UE can receive and process them independently. 
[bookmark: _Toc142658993]In s-DCI PDCCH repetition, legacy requirements for MAC-CE based TCI state switch for PDCCH apply per TRP.

Multi-DCI
In multi-DCI scenario, PDCCH is transmitted from each TRP separately. Hence, MAC-CE based TCI state switch for PDCCH considers only one TRP at a time i.e. TCI state switch is done separately for each TRP and each MAC-CE command only includes one TCI state. Hence, legacy requirements apply per each TRP.
In both the above scenarios, since the switch is per TRP, we do not see the need for any additional delay.
[bookmark: _Toc133324111][bookmark: _Toc142658994][bookmark: _Toc131594377][bookmark: _Toc131594559][bookmark: _Toc131594378][bookmark: _Toc131594560][bookmark: _Toc131594379][bookmark: _Toc131594561][bookmark: _Toc131594380][bookmark: _Toc131594562][bookmark: _Toc131594381][bookmark: _Toc131594563][bookmark: _Toc131594382][bookmark: _Toc131594564]In multi-DCI scenario, legacy requirements for MAC-CE based TCI state switch for PDCCH apply per TRP.

RRC based TCI state switching 
	Sub-topic 2-4: RRC based TCI state switch
Agreements:
· The requirements for multi-RX operation on RRC based PDCCH TCI state switch will be considered only if specifications support the procedure.
· FFS: The procedure can include TCI state switch to single TCI, or switch to Dual TCI.




In case of a single to dual TCI state switch for PDCCH, which is essentially a switch between single-DCI and multi-DCI scenarios, RRC based TCI state signaling requirements will apply. 

[image: ]
[bookmark: _Ref134817934][bookmark: _Ref131609259]Figure 4: s-DCI to m-DCI switch via RRC reconfiguration
[bookmark: _Toc133324113]Figure 4 shows a single DCI to multi-DCI switch. Here the UE is initially configured for single-DCI where PDCCH is indicated for only one TRP. In step 1, the UE is configured via RRC reconfiguration with a second CORESET to use for multi-DCI.  As illustrated in the figure, the UE in step 2 and step 3, will now have two CORESETs with default TCI states. For such scenarios, the legacy RRC requirements can be reused and can apply per TRP.
[bookmark: _Toc142658995]A switch from single TCI state to dual TCI state for PDCCH is a switch between single-DCI and multi-DCI scenarios, which involves RRC signalling.
[bookmark: _Toc142658996]For a switch from s-DCI to m-DCI, RRC based TCI state switch delay requirements will apply and the legacy requirements can be reused and applied per TRP.
Active TCI state list update
In RAN4#107 meeting, the following was agreed about active TCI state list update:
	Sub-topic 2-6: Active TCI state list update
Issue 2-6-1: Active TCI state list update
FFS: Not to differentiate Active TCI state list update for s-DCI and m-DCI scenarios.
Issue 2-6-1-2: Active TCI state list update delay requirement
Use following agreement to derive the equation for TCI state list update
· Tfirst-SSB defined for the existing TCI state switch delay requirements can be reused for dual TCI switch in mTRP if the definition of Tfirst-SSB is redefined to account for two TDM’ed source SSBs in the QCL chains with two TRPs
· Tfirst-SSB1 is the first SSB for one TCI state of dual TCI states, and Tfirst-SSB2 is the first SSB for the other TCI state of dual TCI states after TCI state switch command.




A MAC-CE command is used to update the active TCI state list both for s-DCI as well as m-DCI. In case of s-DCI, the UE can have up to 8 codepoints with combinations of one or two TCI states whereas in case of m-DCI the UE will have two separate codepoint tables with up to 8 TCI states each.

Single-DCI
The existing active TCI state list update delay requirements, where the MAC-CE activation command for updating active TCI state list contains a single TCI state, considers the time to the first SSB transmission after MAC-CE command is decoded by the UE (Tfirst-SSB). 
In m-TRP deployments, when the MAC-CE TCI state list activation command contains dual TCI states, the delay requirement should consider the first SSB with a QCL relation for each of the target TCI states. With this proposal, total Tfirst-SSB would be the time from the UE decoding the MAC-CE command until the UE has received the first SSB transmission with QCL-relation for each of the target TCI states.
[bookmark: _Toc142658997]For s-DCI active TCI state list update with two target TCI states, delay requirements should consider the first SSB with a QCL relation for each of the target TCI states
Proposal 7 can be captured in the active TCI state list update delay requirement e.g. by replacing Tfirst-SSB with max (Tfirst-SSB1, Tfirst-SSB2), where Tfirst-SSB1 is the time to the first SSB transmission for one of the TCI states in the TCI pair to be activated, and Tfirst-SSB2 is the time to the first SSB transmission for the other TCI state in the TCI pair. 

 
Figure 5: Active TCI state list for dual TCI
Furthermore, similarly as in the legacy requirement, Tfirst-SSB for each TCI state should only be taken into account if the corresponding target TCI state is not already in the current active TCI state list.
[bookmark: _Toc142658998]Tfirst-SSB is not included in the active TCI state list update delay for a target TCI state that is already in the active TCI state list.
An example of how to capture this in TS 38.133 is shown below:



When active TCI state list update involves two TCI states, upon receiving PDSCH carrying MAC-CE active TCI state list update at slot n, UE shall be able to receive PDCCH to schedule PDSCH with the new target TCI states at the first slot that is after n+ THARQ + + (max (Tfirst-SSB1, Tfirst-SSB2)+TSSB-proc)/NR slot length -where
Tfirst-SSB1 and Tfirst-SSB2 is the time to the first SSB transmission for each of the two target TCI states after MAC CE command is decoded by the UE; The SSB shall be the QCL-TypeA or QCL-TypeC to the target TCI state. If a target TCI state is already in the active TCI state list for PDSCH, then TfirstSSB for that TCI state is 0.
TSSB-proc = 0, if both target TCI states are in the active TCI state list for PDSCH. Otherwise TSSB-proc = 2 ms; 
 









Additionally, in case reference signals of the TCI states received in the MAC-CE command for TCI activation is QCL with the reference signal of the TCI states in the active TCI state list, then there is no further need for synchronization for that TCI state. 
[bookmark: _Toc142658999]If the reference signals of the TCI states received in the MAC-CE for TCI state activation has QCL relation with the reference signal of the TCI state which is already a part of the active TCI state, the UE can skip synchronization for that TCI state.
Multi-DCI
For multi-DCI scenario, separate active TCI state lists are maintained for each TRP. Therefore, TCI state list contains only single TCI states and dual TCI states do not need to be considered. Hence, active TCI state update to dual TCI states does not apply to multi-DCI scenario.
[bookmark: _Toc133324115][bookmark: _Toc142659000]In a multi-DCI scenario, active TCI state list update to dual TCI states is not considered.

Known TCI state condition
Requirements to consider
Legacy requirements for MAC-CE based TCI state switch have been defined for both known as well as unknown target TCI states whereas DCI based TCI state switch delay requirements have been defined for only known target TCI states. 
In case of DCI based TCI state switch, having delay requirements only for known target TCI state is reasonable as DCI based TCI state switch is for PDSCH (data scheduling) and hence it does not help much if the delay is longer than the period when the data is scheduled.
However, no such restriction for MAC-CE based TCI state switch which is for PDCCH reception applies. Hence, we see no reason to limit defining MAC CE based TCI state switch delay requirements only for known cases in case of m-TRP. 
1. [bookmark: _Toc133324103][bookmark: _Toc142659001]For MAC-CE based TCI state switch delay, define requirements also for unknown target TCI state.
Definition of known TCI state
In RAN4#107 meeting the following agreement was made regarding the known TCI state condition:
	Sub-topic 2-5: Known conditions 
Agreements:
· Dual TCI states are known if the
· dual TCI states are QCL-ed to reported beam pair (i.e., RS resources pair) within one group
· All the RSs in the QCL chain remain detectable
· The dual TCI states remains detectable during the TCI state switching period
· RSs configured for dual TCI states are reported in last [1280]ms
· Note: FFS whether additional conditions are needed for tests.



The agreements defined in RAN4#107 meeting for the known conditions capture the basic requirements for a TCI state to be considered as known. We do not see the need to add any more additional conditions. 
[bookmark: _Toc142659002]No more additional conditions apart from those already agreed in RAN4#107 for a TCI state to be considered as known are required.
[bookmark: _Toc116995848]Other proposalsIssue 2-1-4: Other proposals for further discussion
FFS
· For dual TCI to single TCI when the target TCI is one of the source TCI (e.g. [RS1,RS2] to [RS1]), there is no TCI switching delay when UE is configured with GBBR and is NOT configured with non-GBBR



It has been agreed in RAN4 #106-bis-e that GBBR is a prerequisite to enable simultaneous transmission. In such a scenario, when the UE switches from dual to single TCI and the target TCI is also the source TCI, there is no need for a TCI switching delay.
[bookmark: _Toc142659003]During a dual to single TCI state switch, if the target TCI state is also one of the source TCI states, then TCI switching delay will not apply.


Conclusion
In this contribution we have made the following observations and proposals:
Proposal 1: For single-DCI scenario, RAN4 to reuse Rel-16 requirements for the case of DCI based TCI switching for PDSCH.
Observation 1: DCI based TCI state switch delays are based on the timedurationforQCL parameter which is a UE capability. Any additional delay for DCI based TCI state switch to dual TCI states would require change in the timedurationforQCL which should be addressed in RAN1 and RAN2.
Proposal 2: For multi-DCI scenario, DCI based TCI state switch is per TRP. Hence legacy requirement can be reused and applied per TRP.
Proposal 3: In a m-DCI scenario, for DCI based TCI state switching, when UE is indicated a TCI via DCI per TRP, delay requirements can be applied independently per DCI and in case the UE cannot receive simultaneously in the time interval between the first TCI switch and the second TCI state switch, UE is expected to receive in a TDM manner during this interval.
Proposal 4: In mDCI scenario, TCI switching with one CORESETpoolindex does not cause interruptions on TCI states with another CORESETpoolindex.
Observation 2: It was already agreed to reuse the legacy requirements for the single-DCI scenario in the previous RAN4 meeting.
Proposal 5: In s-DCI PDCCH repetition, legacy requirements for MAC-CE based TCI state switch for PDCCH apply per TRP.
Proposal 6: In multi-DCI scenario, legacy requirements for MAC-CE based TCI state switch for PDCCH apply per TRP.
Observation 3: A switch from single TCI state to dual TCI state for PDCCH is a switch between single-DCI and multi-DCI scenarios, which involves RRC signalling.
Proposal 7: For a switch from s-DCI to m-DCI, RRC based TCI state switch delay requirements will apply and the legacy requirements can be reused and applied per TRP.
Proposal 8: For s-DCI active TCI state list update with two target TCI states, delay requirements should consider the first SSB with a QCL relation for each of the target TCI states
Proposal 9: Tfirst-SSB is not included in the active TCI state list update delay for a target TCI state that is already in the active TCI state list.
Proposal 10: If the reference signals of the TCI states received in the MAC-CE for TCI state activation has QCL relation with the reference signal of the TCI state which is already a part of the active TCI state, the UE can skip synchronization for that TCI state.
Proposal 11: In a multi-DCI scenario, active TCI state list update to dual TCI states is not considered.
Proposal 12: For MAC-CE based TCI state switch delay, define requirements also for unknown target TCI state.
Proposal 13: No more additional conditions apart from those already agreed in RAN4#107 for a TCI state to be considered as known are required.
Proposal 14: During a dual to single TCI state switch, if the target TCI state is also one of the source TCI states, then TCI switching delay will not apply.
[bookmark: _Toc116995849]
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